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RADIOIODINE MEASUREMENTS OF 
THE STACK EFFLUENT FROM 

THE CP-5 5.0-MW HEAVY-WATER REACTOR 

by 

Weldon D. Dillow 

ABSTRACT 

This report descr ibes experimental measurements and analyses of 
the radioiodines in the stack effluent of the CP-5 Reactor. 

The objective of this work was the acquisition of data essential to 
analyzing the response of the present CP-5 iodine stack monitor and to de
termining the requirements of other permanent iodine monitors to be in
stalled at various site locations. The scope of the investigation consisted 
of making the following nneasurements and analyses: (1) radioiodine col
lection efficiency of the Chicago Eye Shield Company's charcoal-loaded 
organic vapor resp i ra tor cartr idge (CESCO); (2) average I and I con
centrations; (3) ratios of ' " l , ' " l , '^*I, and ' " l relative to ' " l , based on 
analyses of scrubber samples; and (4) analysis of the response of the 
present single-channel-analyzer (SCA) stack-nnonitoring system to a 
connplex radioiodine spectrum. 

Results indicated that the CESCO cartridge is a satisfactory radio
iodine collector with a collection efficiency o\ 92%. Average ' " l and " ' l 
stack concentrations ranged fronn 2.00 to 3.69 x 10"'° and 2.01 to 2.72 x 
10"' t iCi /cm' , respectively. In only one of the four scrubber samples was 
"^I positively identified. The " ' l / ' ^ ' l ratios for operation at full reactor 
power determined from the scrubber samples ranged from 6 3 to 10.1, and 
were consistent with the ratios determined by charcoal-sampling techniques. 
The " * l / ' " l and " ' l / " ' l ratios were more variable, varying by factors of 
three and two, respectively. Finally, the single-channel-analyzer response 
to ' " l was not singular, but was a nnultiple response to the other radioiodines 
as well as a result of their Connpton continuum contributions to the " ' l photo-
peak. The '^'l contribution to the total count seen in the window of the single-
channel analyzer was pr imar i ly a function of the sampling t ime, and could not 
be quantitatively determined during sample collection. 





I. INTRODUCTION 

Measurements to determine the radioiodine content of the CP-5 
Reac tor ' s stack effluent were nnade for the following purposes: 

(1) To understand the response of the present CP-5 iodine-
monitoring systenn to a complex radioiodine spectrum, 

(2) To p r o v i d e b a s i c da ta t o be u s e d in e s t a b l i s h i n g the r e q u i r e 
m e n t s of o t h e r p e r m a n e n t iodine m o n i t o r s to be i n s t a l l e d at v a r i o u s s i t e 
l o c a t i o n s . O t h e r iod ine nnoni tors r e f e r to one u n d e r d e v e l o p m e n t by t he 
L a b o r a t o r y ' s I n d u s t r i a l Hygiene and Safety (IHS) Div i s ion and to c o m m e r 
c ia l e q u i p m e n t be ing c o n s i d e r e d a s p a r t of new f a c i l i t i e s . 

T h e s c o p e of t h i s i n v e s t i g a t i o n inc luded the following m e a s u r e m e n t s : 
(1) r a d i o i o d i n e co l l ec t i on ef f ic iency of the I H S - s t o c k e d CESCO* c h a r c o a l 
c a r t r i d g e s u s e d in m o s t ^ I m o n i t o r i n g a p p l i c a t i o n s ; (2) a v e r a g e s t a c k 1 
and ' " l c o n c e n t r a t i o n s ; and (3) r a t i o s of ' " l , ' " l , ' " l , and ' " l r e l a t i v e to 
' " l , a c c o r d i n g to a n a l y s e s of s c r u b b e r s a m p l e s . B a s e d on the above m e a 
s u r e m e n t s , the r e s p o n s e of the p r e s e n t s t ack m o n i t o r (a s i n g l e - c h a n n e l 
a n a l y z e r se t on the 364-keV " ' l pho topeak) was a n a l y z e d . 

All iod ine s a m p l e s w e r e c o l l e c t e d f rom the f a n - r o o m p l e n u m , as 
shown by the s a m p l e r loca t ion in F i g . 1. The nnost l ike ly s o u r c e s of r a d i o 
a c t i v i t y d u r i n g n o r m a l o p e r a t i o n , i . e . , the t h i m b l e - c o o l i n g and e x p e r i m e n t a l 
b e a m - h o l e ven t i l a t i ng s y s t e m s , w e r e f i l t e r ed by h igh -e f f i c i ency p a r t i c u l a t e 
f i l t e r s . In a l l c a s e s , the iodine s a m p l e r was p r e c e d e d by a HV-70 f i l t e r to 
e l i m i n a t e p a r t i c u l a t e a e r o s o l ac t iv i ty . 

II. C O L L E C T I O N E F F I C I E N C Y O F CESCO CARTRDIGE 

T h e f i r s t i t e m i n v e s t i g a t e d w a s the i o d i n e - c o l l e c t i o n ef f ic iency of 
t he f i x e d - f i l t e r c h a r c o a l c a r t r i d g e u s e d as t he c o l l e c t o r in the p r o t o t y p e 
m o n i t o r . T h i s c h a r c o a l c a r t r i d g e , d e s i g n a t e d CESCO, is m a n u f a c t u r e d for 
u s e a s a r e s p i r a t o r f i l t e r to p r o v i d e p r o t e c t i o n a g a i n s t o r g a n i c v a p o r s 
C o n t a c t w i t h the m a n u f a c t u r e r y i e lded the s k e t c h y i n f o r m a t i o n tha t the 
c h a r c o a l in t he c a r t r i d g e is a c o m m e r c i a l - g r a d e 16 x l 6 - m e s h s i z e p r o 
duced by P i t t s b u r g h A c t i v a t e d C a r b o n C o m p a n y . 

In s o m e m e a s u r e m e n t s , as a check on the e f f e c t i v e n e s s of the C E S C O 
c a r t r i d g e , P i t t s b u r g h A c t i v a t e d C a r b o n C o m p a n y ' s 12 x 3 0 - m e s h B P L g r a n u 
l a r a c t i v a t e d c a r b o n was s u b s t i t u t e d for the CESCO c h a r c o a l . 

F o r t h e s e i n v e s t i g a t i o n s , t h r e e c a r t r i d g e s w e r e u s u a l l y c o n n e c t e d in 
s e r i e s . The s e r i e s c o m b i n a t i o n was a s s u m e d to be 100% eff ic ient , a l t hough 

•Chicago Eye Shield Company Safety Products. Inc., 2727 W. Roscoe St., Chicago, 111. 
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this assumption is not necessar i ly so since the presence of radioiodine in 
the third cartr idge implies that some probably penetrated that cartr idge. 
After sufficient t ime had elapsed to let the shorter- l ived radioiodines "^I, 

I, and "^I decay, the car t r idges were counted with a Nuclear Data 
Model 130, 512-channel analyzer to determine the ' " l content by summing 
up the counts in the 0.530-keV photopeak. The ' " l content was determined 
after the "^I had decayed by summing up the counts in the 0.364-keV 
photopeak. 

The counting efficiency of the analyzer for ' " l was measured using 
a standard " l solution*' with a reported accuracy of ±3%. Since no standard 
was available for measuring the ' " l counting efficiency, it was calculated 
from data in the l i tera ture . ' ' ^ 

Total ' I activity distribution and collection efficiency data a re sum
marized in Tables I and II. Table I lists the distribution of total activity by 
cartr idge for sampling t imes of less than one day to as long as 7.8 days. 
Based on the mean values given in column 4 of Table I, a single CESCO car 
tridge is approximately 92% efficient. In Table II, the collection efficiency 
of the second cartr idge is determined in t e rms of the activity presented to 
it; that is, the activity on the second cartr idge is divided by the sum of the 
activities on the second and third cartr idges, again assuming total absorp
tion in the combination. 

T A B L E I. DiBtribution of " ' l Act iv i ty by C a r t r i d g e 

Run 
No. 

4 
5 
6 
7 
8 
9 

Mean 

10 
11 
12 

Mean 

17 
19 
20 
21 
22 

Mean 

Sampl ing 
T i m e , 
days 

0.96 
0.95 
2.95 
3.88 
3.00 
5.85 

F i r s t 

4 .93 
5.98 
6.76 

3.99 
7.82 
6.99 
1.14 
7.80 

Flow 
Rate , 

m y m i n 

All T h r e e 

0.240 
0.240 
0.230 
0.230 
0.210 
0.216 

P e r c e n t of 
Total " ' I 

Activ 
F i r s t C 

C a r t r i d g e s 

C a r t r i d g e CESCO 

0.219 
0 210 
0.228 

All 

0.235 
0.242 
0.245 
0.231 
0.222 

95 6 
97.7 
97.3 
98.4 
97.3 
94.9 

96,9 

. Second 

92.5 
92.2 
90.6 

91 8 

ity 
a r t 

on 
r idge 

B P L 12 X 

• 1 . 33 

and Thi rd 

• 1. 

T h r e e C a r t r i d g 

91.9 
92.8 
89.6 
95.2 
92.2 

92.3 ± 2. 

02 

;es Reg 

01 

P e r c e n t ol 
Total 

Activit 
' " I 

y on 
Second C a r t r i d g e 

• 
30 Mesh C h a r c o a l 

2.48 
1.49 
2 08 
1.28 
2 17 
3.04 

2.09 • 0.64 

P e r c e n t of 
Tota l ' " I 

Activi ty on 
Th i rd C a r t r i d g e 

1,74 
0 78 
0.61 
0,32 
0.48 
2.04 

0.995 i 0.72 

B P L 12 X 30 M e s h C h a r c o a l 

6.00 
6.73 
8 19 
6.97 t 

u l a r CESCO 

6.84 
5.71 
8.90 
3.78 
6.65 

6 38 t 

1.12 

1.86 

1 48 
1.10 
1.24 

1 27 t 0.19 

1 21 
1 53 
1.62 
1.04 
1 1 8 

1.32 • 0,25 

• J K., M.j/;i».».̂ -cfeje«go Corp.. Des Plaines, Dl. 





TABU II. Charoal Cartridge ^ ' l Coltoctfon Efflciencr >nd C M S b d 131, 

ResMenu Collection CollKtion Avcrafe 1311 
Samptlng Time per Efficiency of Effkiency of Concenlrit»n 

Run Type of Time, Carlî tdge. Hrit Car1ri<»9e. Secood Cartridge. wer Sampling 
No. ChircMl days sec « * Period. uCi/cm^ 

9.96 

1! 

I t 

1? 

IS 

l« 

20 

21 

22 

CESCO 

CESCO 

CESCO 

CESCO 

CESCO 

CESCO 

CESCO 

CESCO 

OSM 

0.013 

0.013 

0.017 
0.014 

0.016 

0.016 

0.017 

90.1 

lA 
IB 
IC 

2 

3 

4 

S 

« 
7 

1 

9 

10 

11 

12 

U 

8
S

S
 

CESCO 

No. 1 Sllkl Gel; 
t*A. 2 >nd 3 CESCO 

OPl 

BPL 

BPL 

BPl 

BPL 

BPl 

CESCO-BPL 

CESCO-BPL 

CESCO-BPl 

CESCO-BPL 

o.ae 
0.29 
3.97 

0 .0 

0,44 

0,96 

0,9S 

2.95 

l.iS 

3.00 

5,85 

4,93 

596 

6.76 

6.91 

0.016 
0.016 
0.016 

0.016 

0.015 

0.016 

0.016 

0.017 

0.017 

0.019 

0.01« 

0.019 

0,019 

0.017 

0,020 

97,2 

34,9 

95.6 

97.7 

97.3 

914 

97.3 

94.9 

92.5 

92.2 

90.6 

94.6 

86.4 
10.0 
S3.3 

Z.19 I Ifl-W 

2.19 I W * " 

Z.191 ur i" 
2.19 I lO-lO 

3.69 . 10- 10 

2.46 I i r ™ 
Z.47 » 10-10 
t K M lO-W 
ZJ7 • 10-10 
3.18 I 10-10 
3.31 . 10-10 
1.70 I 10-10 

Z.09 > 10'1" 

t a « 1 0 - 1 0 

2.66 > 10-10 

10 0.S1 I 10-

0.41 I 10-10 

2.09 I 10-10 

2.S4 X 10-10 
0.72 I lO-l** 

2.72 I 10-10 
2.96 « (p-'O 
0.49 < 10-"> 

2.00 I 10'10 

PriMry cartridge M I tcft m ptoce in C 
onnltir lor ippnniiuWy 10 trr%. 

ND third canrUge. » emctcncy ol sacsnd ODuW not bt 
dettrmlnea 

First cartridge m\ k « wtm tllka gM. 

All triree cartridges Mre loaM vWi BPl U i 10 Msh. 

All three cartridges sere taddad aWi BPl 12 > 30 nath. 

All three cartridges Mre taaded wfth BPl 12 i 30 mesh. 

All three cartridges aert loedM wtth BPl 12 i 30 nesh. 

All three cartridges sere toedad wttn BPl 17 i 30 mesh. 

All three c a r t r i i ^ wtrt taaded «tth BPl 12 i » mesA. 

Cartridge 1 M S a CfSCO. Cartridges 2 and 3 Mre 

taaded w4th BPl 12 • » mesh. Reactor M S «tmn 

2.14 diys Delore end of sampling period. 

Cartridge 1 M S a CESCO. Cartridges 2 and 3 Mre 

taaded wtlh BPl 12 • 30 mesh. 

Cartridge 1 M S a CESCO. Cartridges 2 and 3 Mre 
loadod with BPl 12 I 30 mesh. 

Cartrtdge 1 M S a CESCO. Cartridges 2 and 3 Mre 
loaded >ith BPL 12 i 30 mesh. RaKbr M S doem %J0 ttr 
tMtore end of sampling period. 

Only cartridge t. which M S a CESCO. Ms used. RMC-
tor MS dDwi during entire sampling period. A collaction 
efticleno of 92.5% Ms assumed (basad on the average tt 
runs 10-Ut. 

R«ctor MS dow) during entire sampling pertad. Same 

remarts apply as to run 14 atnve. 

Only cartridge 1. wMch MS t CESCO. MS used. Acsl-

tecttan efficiency of 92.S« M S assumed. 

All three cartridges Mre CESCO. 

Only cartridge 1. which M S a CESCO. MS used. A col

lection efllclency of 92.n MS assumed. Reactor ^ 

down during enlira sampling period. 

All (hrn cartridges were CESCO. 

All three cartridges Mre CESCO. 

All three cartridges were CfSCO. Reactor M S down 
during entire sampling period. 

All three cartridges ware CESCO. 

The mean col lect ion eff ic iency of the second cartr idge was 78.4 ± 
8.3%. Data from run No. 3 w e r e d iscarded s ince the f irst cartr idge was 
loaded with s i l i c a gel , which was only 34.9% efficient. The co l l ec t ion effi
c iency of the third cartr idge could not be determined s ince there w e r e no 
co l lec t ing media downstream from it. Why the second cartr idge was 14-18% 
l e s s efficient than the f irst cartr idge was not definitely es tab l i shed , but it 
may have resul ted from the p r e s e n c e of a much m o r e penetrat ing organic 
iodide. Severa l inves t iga tors have identified methyl iodide as a s m a l l c o m 
ponent (usually l e s s than 5% of the total iodine content^) of f i s s ion -product -
i o d i n e - c a r rying gas s t r e a m s . 

R e s u l t s of the above co l l ec t ion-e f f i c i ency m e a s u r e m e n t s should not 
be applied g e n e r a l l y a c r o s s the board to other fac i l i t i e s without conf i rma
tory data. S ince m o s t charcoa l s have been near ly 100% effect ive for e l e 
mental iodine, the rea l problem in radioiodine removal a r i s e s from the 





penetrating forms that may be present in varying percentages from facility 
to facility. Therefore, uninnpregnated charcoals require in-place confirma
tory test data at frequent intervals . 

III. STACK CONCENTRATION MEASUREMENTS 

The average ' " l and '^'l concentration measurements in the CP-5 
stack effluent a re presented in Tables II and III, respectively. These aver
age concentrations were calculated by using the following equation; 

^jAj exp(Xitd) 

" î " F g i C k [ l - e x p ( - V s ) ] ^ ' 

where 

Cj = Concentration of ith isotope, in nCi /cm' ; 

^i - Decay constant of ith isotope, in nnin" ; 

Aj = Number of counts per minute on the first cartr idge in the 
respective photopeak for which the counter efficiency has 
been measured or calculated; 

tjj = Decay t ime, in minutes, since the end of the sannpling period; 

F = Flow rate, in cmYmin; 

gj = Counter efficiency for the iodine'photopeak under which sum
mation is made (measured to be 8.85% for ' " l ; calculated to 
be 8.14% for ' " l ) ; 

C = Fract ional collection efficiency of the first cartr idge; 

k = 2.22 X 10^ dpm/iiCi; 

and 

tg = Sampling t ime, in minutes. 

If F is expressed in mVmin, and Ai_i3i and Ai.,33 represent the 
number of counts/min less the estimated background and Compton sca t ter 
ing in channels 32-40 and 48-58 for ' " l and '^^I, respectively, the equations 
for calculating the '^'l and ' " l concentrations are 

3.04 X 1 0 " " Ai-,3j exp(5.96x 10 '^^) 

^ I - ' " " FC[i - exp ( -5 .96x lO'^Kts)] ^^^ 





10 

l ! . , 1 3 . , 

Ratio 

S.Z 

11.4 

7 . 6 

7 .4 

and 

3.07 x IQ- '^ Ai . ,33 e x p ( 5 . 5 5 x 10"Hd) 

• ^ I - ' " = F C [ l - e x p { - 5 . 5 5 x l O - 4 s ) ] ' ^^^ 

TABLE III '" l and '" l Concentrations and Ratios ot '"l to '"l in C P - 5 Stack Effluent 

Average '" l Average '"l 
Sampling Concentration Concentration 

Run Time , over Sampling over Sampling 
No. days Per iod . nCi/cm* Period. liCi/cm* 

9 5.85 3.31 X 10-'° 2.72 x 1 0 ' ' 

11 5.98 2.09 X 10-'° 2.39 x IQ- ' 

12 6.76 2.63 x 10-'° 2,01 x 1 0 - ' 

13 6 91 2 6 6 x 1 0 - ' ° 1 9 6 x 1 0 - ' 7.4 Reactor was shut down 9 hr 
before end of sampling. 

14 0.88 0 5 1 x 1 0 - ' ° 0 . 2 3 x 1 0 - ' 4.5 Reactor was shut down during 
entire sampling period. 

15 0.97 0 4 1 x 1 0 - ' ° 0 . 3 4 x 1 0 - ' 8 4 Reactor was shut down during 
entire sampling period. 

16 1 0 0 2 . 0 9 x 1 0 - ' ° 1 . 3 9 x 1 0 - ' 6.6 Sampling began 3 hr before 

reactor startup 

17 3.99 2 . 5 4 x 1 0 - ' ° 2 . 3 9 x 1 0 - ' 9.4 

18 0.98 0 . 7 2 x 1 0 - ' ° 0 . 3 4 x 1 0 - ' 4.7 Reactor was shut down during 

entire sainpling period. 

19 7.82 2 . 7 2 x 1 0 " ' ° 2 . 6 2 x 1 0 - ' 9.6 

22 7.80 2 0 0 x 1 0 - ' ° 2 . 4 5 x 1 0 - ' 12.2 

It can be s e e n f rom co lumn 7 of Tab le II tha t , with t he r e a c t o r o p e r 
a t ing at 5.0 MW, the ' " l c o n c e n t r a t i o n r anged f rom 2.00 to 3.69 x 10" '° n C i / c m ' 
and was g e n e r a l l y independen t of the s a m p l i n g t i m e . When the r e a c t o r w a s 
shut down, the '^ ' l c o n c e n t r a t i o n was one-f if th to o n e - f o u r t h of t ha t m e a s u r e d 
du r ing n o r m a l o p e r a t i o n and t i m e dependen t . 

Neg lec t ing t h o s e c a s e s in Tab le III in which the r e a c t o r was not at 
full p o w e r d u r i n g the s a m p l i n g p e r i o d , the da ta show that the " ' l c o n c e n 

t r a t i o n r a n g e d f rom 2.01 to 2.72 x 
TABLE IV. Ratios of '"i to ' " i Activity for 1 0 " ' u C i / c m ^ . When the r e a c t o r 

Fresh and Equilibrium Conditions ^ 3 S down, the ' " l Concen t r a t ion 
was r e d u c e d o n e - t e n t h to o n e - e i g h t h 
of i t s va lue at full p o w e r . The " ' l / 

I r a t i o at p o w e r r a n g e d f r o m 7.6 
to 12.2. T a b l e i r * shows the ' " l / ' " l 
a c t iv i ty r a t i o s in f r e s h and e q u i l i b 
r i u m f i s s ion p r o d u c t s at v a r i o u s d e 
cay i n t e r v a l s . T h u s , t he r a t i o s found 
in t he C P - 5 s t a c k effluent w e r e i n d i 
c a t i v e of o n e - d a y - o l d f r e s h f i s s i on 
p r o d u c t s . 

Decay Time 

0 

1 hr 

1 day 

2 days 

3 days 

4 days 

F r e s h 

' " 1 / 

Condit ion 

21 

19 

9 . 9 

4 . 9 

-
-

i l l . Ratio 

Eqi 
Cc 

j i l ibrium 
. i n d i t i o n 

2 . 3 

2 . 2 

1.1 

0.5S 

0.27 

0.13 
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IV. RELATIVE RADIOIODINE RATIOS 

It became apparent from observations of the 512-channel analyzer 
spectrum that the quantitative determination of the individual iodine com
ponents could not be accomplished simply by gamma analyses. This can 
be seen from Fig. 2, which shows the ' " l and '^'l photopeaks clearly, but 
does not permi t resolution of the higher-energy photopeaks. Also, the 
h igher-energy components produce a Compton continuum, which contrib
utes counts to the ' " l and ' " l photopeaks. This is shown by Figs . 3 and 4, 
which are the spectra for a shor t - t e rm sample counted immediately and 
five days after the end of collection, respectively. Note the masking of the 

I photopeak in the first count. One of the cartr idges was counted with a 
Ge(Li) detector in an attempt at resolution of the shorter- l ived radioiodines, 
but this did not prove satisfactory either. Figure 5 shows the spectrum ob
tained with the Ge(Li) detector. Note that the '^'l and '^'l photopeaks a re 
prominent, but the higher-energey components are basically swallowed up 
in the Compton continuum. 

10* 

M
IN

U
TE

 

§ 

KC 

" ' 1 . 364 h«V 

.vv-r--%yi 
\ 

J,*l , 530 IwV 

A I. ̂ . ' V\,,«/^. 

' ' 

- - ^ v A 
N 

COUNTED FOR 1 nMi AT 09W. 4 / l«yM 

10 UV/CMUmCL 

"̂ X 
1 1 1 1 1 1 1 1 

CMATMEL NUMBER 

Fig. 2. Initial Spectrum of CP-5 Long-term-stack Sample Collected on BPL 12 x 30 Mesh 
Charcoal-loaded Cartridge from 1315 on 4/12/66 to 0931 on 4/18/66 

1.948 »y| 690 k«V 

I, S60 li«V 
COUNTED 0 2 0 - 0 2 4 . VKVC6 

10 MV/CHAfMEL 

M l e 128 144 IGO P7« 192 208 224 240 

CHWMCL NUMBER 

Fig. 3 

Initial Spectium of CP-5 Short-
term-stack Sample Collected 
on CESCO Cartridge from 1000-
1315 on 3/10/66 
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to" 

1 

° 10 

I 11 n*~"X3M UV 

1 v"^ A i 1 A'""'"'- ''̂  '*' 

> 1 1 1 I . , 

COUNTED l6O0-«24. 3/Q^C6 
•OWW/OUMCL 

CHANNEL NUMeCR 

Fig. 4. Five-day Spectrum of CP-5 Short-term-stack Sample Collected on 
CESCO Cartridge from lOOC-1315 on 3/10/66 

' ~ ' " l . I — " 1 . "l.l?! 
''364 • « IsaOKav 

f .. -.. 
W . i I. TBOk* 

COUNTED 09*0-0930, 5 / *«6 
MAIN U0\lf\€tl GAIN S 

• ' TM-cU 
hlilujiiij. 

0 16 32 4 6 6 4 8 0 9 6 l l 2 l 2 B M 4 l 6 0 > T 6 l 9 2 2 O e 2 2 4 2 « O i 9 6 Z 7 2 2 B e 9 O 4 3 2 0 3 3 C 3 a 2 3 C 8 3 B 4 4 0 O 4 « 4 3 2 4 4 a 4 « 4 4 a O 4 M B a 

CHAMCL NUMBEn 

Fig. 5. Spectrum of CP-5 Long-term-stack Sample Counted with a Ge(Li) Detector 
Collected from 1426 on 5/2/66 to 0837 on 5/9/66 

The p r o b l e m of d e t e r m i n i n g the r e l a t i v e p r o p o r t i o n s of the r a d i o 
i o d i n e s w a s d i s c u s s e d wi th D r . J a c o b Sedle t of t he IHS B a c k g r o u n d G r o u p . 
He s u g g e s t e d r e s o l u t i o n of the iodine c o m p o n e n t s by ex tended p e r i o d s of 
be t a coun t ing of th in s a m p l e s c h e m i c a l l y s e p a r a t e d f rom s c r u b b e r - s a m p l i n g 
s o l u t i o n s . To t h i s end, a o n e - m o l a r so lu t ion each of NaOH and NaHS03 was 
p r e p a r e d for s c r u b b e r s a m p l i n g . The C P - 5 s t a c k effluent was s a m p l e d wi th 
t he above so lu t ion by m e a n s of an i m p i n g e r . Within 45 m i n of the c o m p l e 
t ion of s a m p l i n g , the r a d i o i o d i n e s w e r e c h e m i c a l l y s e p a r a t e d , t he p r e c i p i t a t e 
w a s m o u n t e d a s a thin s a m p l e on a s t a i n l e s s s t e e l p l a n c h e t , and b e t a coun t 
ing u s i n g a g a s - f l o w p r o p o r t i o n a l c o u n t e r was begun . T h e i n t e r v a l b e t w e e n 
coun t ing t i m e s and the d u r a t i o n of t he count ing t i m e s w e r e ad ju s t ed to t he 
d e c r e a s e in count ing r a t e and the count ing r a t e i tself , r e s p e c t i v e l y . Coun t 
ing w a s con t inued for 15 to 18 d a y s . 
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Data reduction and the quantitative identification of the components 
were accomplished by means of W. D. Fairman et a l . ' s CORD program, a 
computer program for determining the components of radioactive decay 
mixtures by computer analyses of count-rate data. Since the collection 
efficiency of the scrubber was unknown, the resul ts were expressed in 
relative proport ions. It was assumed that all the radioiodines were col
lected with equal efficiency. 

Four scrubber samples were secured. Since the sampling periods 
were not of equal length, the relative average concentrations had to be cal
culated by Eq. 1 in order to compare samples. Otherwise, the amounts of 
" ' l and ' ' l were dependent on sampling t ime, whereas the shorter-half- l i fe 

radioiodines approached an indepen-
TABLE V. Ratios of Radioiodine dence of sampling t ime with the ap-

Concentrations in CP-5 Stack proach of sampling equilibrium. 
Effluent Relative to '^'l 

Results in t e rms of the con
centrations relative to the I con
centrations a represen ted inTable V. 
It can be seen that the ' " l / ' " l ratios 
are within the range of those in 
Table III for operation at power. 
The 2.3-hr "M was positively iden
tified in only one of the four scrub
ber samples. The ratio of ' " l / ' " l 
varied by a factor of over three, and 
the ' " j y ' " l ratio varied by a factor 

of two. Since "' ' l and ''^I a re short-l ived in comparison with 8.07-day ' " l , 
their ratios relat ive to ' " l were sensitive to V>e variation of holdup time 
in the reactor . 

If t ime had permitted, it would have been desirable to repeat the 
scrubber measurements and to have followed the decay by gamma as well 
as beta counting. 

Significant possible sources of e r r o r in the scrubber analyses were 
the determination of the counter yield, which was a sensitive function of 
beta energy and sample thickness, and the in-growth of the 5.27-day " 'Xe 
and 9.2-hr " ^ e daughters, which may have contributed to measured activ
i t ies. In the CORD program, the daughters a re assumed to remain with the 
parent . However, in the above measurements , it is not unreasonable to 
assume that some of the xenon atoms diffused from the sample and were 
swept away by the counting gas. 

Using the average of the four ratio determinations listed in Table V, 
the relative activity of ' " l , ' " l , ' " l , ' " l , and ' " l is plotted in Fig. 6. Note 

R a t i o 

1 3 2 , ' 1 3 1 T 

1/ ^ 
' " l / " ' l 

1 3 4 J / 1 3 1 j 

1 3 5 T ' 1 3 1 J 

S c r u b b 

1 

3 .4 

6 . 3 

85.7 

9 . 7 

e r S a m p l e N u m b e r 

2 

-

7 . 3 

78.3 

9 . 0 

3 

-

10.1 

119.3 

16.3 

4 

-

6 .5 

36.4 

8.7 
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i 10-

a s LO 1.3 ZD 2.5 30 U 4 0 

SAMPUNO TIME, dayt 

4 5 U) U 60 &S 7.0 

Fig. 6. Relative Radioiodine Activity as a 
Function of Sampling Time 

tha t a f t e r the end of the f i r s t and 
second d a y ' s s a m p l i n g , the c o m p o s 
i t e r a d i o i o d i n e a c t i v i t y h a s r e a c h e d 
62.5 and 75%, r e s p e c t i v e l y , of i t s 
s e v e n - d a y v a l u e . 

V. STACK S I N G L E - C H A N N E L -
A N A L Y Z E R RESPONSE 

It s e e m s a p p r o p r i a t e to d i s 
c u s s the r e s p o n s e of the s i n g l e -
channe l a n a l y z e r (SCA) tha t i s p r e s 
ent ly i n s t a l l e d a s a s t a c k ' " l m o n i t o r 
to the c o m p l e x r a d i o i o d i n e s p e c t r u m 
c h a r a c t e r i s t i c of the C P - 5 effluent 
shown in F i g . 2. Br ie f ly d e s c r i b e d , 
the m o n i t o r c o n s i s t s of an A N L -
f a b r i c a t e d s i n g l e - c h a n n e l a n a l y z e r 
equipped with a 2 x 2 - in . Nal (Tl ) d e 
t e c t o r , which c o n s t a n t l y v i ews a 
CESCO c a r t r i d g e . S ince the m o n i t o r 
has b e e n i n s t a l l e d to d e t e c t ' " l , the 

SCA window leve l i s se t at 364 keV and the window width at 2%. To avoid 
i n t e r f e r e n c e f rom g a m m a - e m i t t i n g p a r t i c u l a t e s , t he m o n i t o r is l oca t ed 
d o w n s t r e a m of a p a r t i c u l a t e m o n i t o r , as shown in F ig . 1. The sh i e ld and 
the CESCO c a r t r i d g e c o l l e c t o r a r e shown in F i g . 7. 

As m e n t i o n e d p r e v i o u s l y , the 
' I , o t h e r r a d i o i o d i n e s ( ' " l , ' " l , " " L a n d 

"^I wi th g a m m a r a y s m o r e e n e r g e t i c 
than the p r i n c i p a l 364-keV g a m m a 
f rom " ' l ) c o n t r i b u t e to the window 
count ing r a t e of t he l a t t e r by C o m p 
ton i n t e r a c t i o n . T h i s i s s p e c i f i c a l l y 
i l l u s t r a t e d in F i g . 3, wh ich is a 
5 1 2 - c h a n n e l a n a l y z e r g a m m a s p e c 
t r u m of a 3 . 2 5 - h r s a m p l e ob ta ined 
a p p r o x i m a t e l y 10 m i n f r o m the c e s 
sa t i on of s a m p l i n g . No p e a k is a p 
p a r e n t in the channe l 36 -37 r eg ion 
c o r r e s p o n d i n g to the 364-keV " I 
p h o t o p e a k . H o w e v e r , F i g . 4 shows 
the s a m e s a m p l e five days l a t e r with 
a c l e a r l y iden t i f i ab le " ' l pho topeak in the channe l 36 -37 r e g i o n . F u r t h e r 
i l l u s t r a t i o n of the C o m p t o n c o n t i n u u m c o n t r i b u t i o n i s g iven by the m u l t i 
c h a n n e l a n a l y z e r da ta p r e s e n t e d in T a b l e VI, which g i v e s the p e r c e n t a g e s 

Fig. 7. CESCO Cartridge in Place in the 
Detector Shield 
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of initial count in the 320-400-keV span contributed by ' " l . The percent
ages in column 5 of Table VI were computed by correcting the " ' l count 
(obtained after all the other radioiodines had decayed to negligible values) 
to the t ime of the initial count and dividing this value by the initial count 
in the 320-400-keV span. Thus, the longer the sampling period (until ' " l 
sampling equilibrium is reached), the larger the " ' l contribution to the 
total count. Of note, also, a re runs 8 and 17 in which the ' " l contribution 
was enhanced because of delays of 48.7 and 26.4 hr, respectively, in the 
initial count. The effect of an increased ' " l contribution during reactor 
downtime is i l lustrated by contrasting runs 14, 15, and 18, obtained when 
the reactor was not operating, with runs 3, 4, and 5, obtained with the r e 
actor at power. This is an expected result since the short-l ived isotopes 
soon decay after the reactor is shut down, leaving the longer-lived iso
topes contributing a great portion to the total activity at any given counting 
t ime. 

T A B L E VI. ' " l Cont r ibu t ion to the Init ial Count Obtained with a 512-channel Ana lyze r 

Decay T i m e Decay T i m e 
from End of f rom End of 

Sampl ing Sampl ing to Sampl ing to P e r c e n t of 
Run T i m e , F i r s t Count, F ina l Count. Init ial Count 
No. days hr days due to " ' l R e m a r k s 

1 9.66 Z.b 23.11 86.8 
lA 0.86 0.5 23.11 2.33 
IB 0.29 0.5 22.83 9.48 
IC 3.97 2.3 23.13 64.7 
2 0.83 0.6 22.72 19.2 
3 0.94 1.3 21.18 26.8 
4 0.96 4.4 20.13 31.7 
5 0.95 0.65 19.20 21.7 
6 2.95 0.30 16.21 46.5 
7 3.88 1.6 12.11 49.1 
8 3.00 48.7 9.09 8 6 . * 
9 5.85 3.5 14.12 44.8 

10 4.93 1.5 11.16 82.7 R e a c t o r was down 2.14 days 
before end of sampl ing pe r iod . 

11 5.98 3.5 15.06 63.6 
12 6.76 4.5 8.08 76.7 
13 £,91 0.6 4.07 69.4 R e a c t o r was down 8.0 h r before 

end of sannpling pe r iod . 
14 0.88 0.5 7.03 45.1 R e a c t o r was down dur ing e n t i r e 

sampl ing pe r iod . 
15 0.97 0.25 13.12 53.4 R e a c t o r was down dur ing e n t i r e 

sampl ing pe r iod . 

16 1.00 0.75 12.10 26.2 
17 3.99 26.40 8.12 79.2 
18 0.98 1.00 7.13 50.5 R e a c t o r was down dur ing e n t i r e 

sampl ing p e r i o d . 
19 7.82 2.1 7.06 64 3 
20 6.99 2.1 9.06 68.7 
2[ 1,14 0.6 7.91 16.3 R e a c t o r w a s down and under 

t e s t at low power 
2 , 7.80 1 7 20 25 60 8 

Using the data of Tables I and II, the measured detector yield of 
1 2%, and an estimated flow rate of 3 cfm, we can compute the CP-5 SCA 
monitor counting rate from I from Eq. 1. If it is assumed that the 





16 

flow rate is constant at 3 cfm, the collection efficiency is 92%, and the 
stack ' " l concentration is 2.5 x 10"'° nCi /cm' (a value fairly representa
tive of Table II values), counting rate may be calculated as a function of 

t ime. The results of these calcula-

ASSUMCD rUlW fUTr 3 etn, 

4SSUMED '"l CONCTKTWinClN 2S i o'/dCJUn* 

OEIttlUN YIELD I 2% 
COU£CTION CFflClENCV 92% 

SCA SETTINGS 
WWDOW IXVEL 364 k « 
WMOOW WIDTH 2% 

tions are presented in Fig. 

VI. SUMMARY 

Iodine isotopes consisting of 
131j_ lJ3j_ lJ4j 3 „ j 135j [̂ ^^g jjggj^ • j g „ _ 

tified in the CP-5 stack effluent, and 
their ratios determined relative to 

' l . In only one of four scrubber 131T 

2S 30 35 40 43 30 

SAMPUNC TiyE. day* 

53 6 0 6 5 TO 

Fig. 8. CP-5 Stack SCA ^-^^I Counting Rate 
as a Function of Sampling Time 

samples was I positively identified. 
The " ' l / ' " l ratios as determined 
from the analyses of scrubber sam
ples were for the most part within 
the range determined by charcoal-
sampling methods, although the 
latter used much longer sampling 
t imes. 

Concentrations of ' " l and ' " l ranged from 2.00 to 3.69 x 10"'° and 
2.01 to 2.72 x 10"' t iCi/cm', respectively. The ' " l present on the cartr idge 
could not be determined quantitatively from the counting rate in the ' I 
window of the single-channel-analyzer stack monitor because of interfer
ence from other radioiodines collected on the cartr idge with equal profi
ciency. The CESCO cartr idge collection efficiency averaged 92% for 
sampling t imes of one to eight days and is considered acceptable for CP-5 
stack-monitoring application. This statement may not apply equally well 
in other facilities where the chemical makeup of the radioiodine content 
may be different because of the presence of organic iodides, especially 
methyl iodide. Therefore, wherever the CESCO cartrdige is to be used, 
its collection efficiency should be determined by in-place testing using 
three car t r idges in s e r i e s , as described in this report . 
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